Abstract. In phototransduction, there is experimental evidence of considerable fluctuations in the current as a response of the rod to single photon events. We propose that the location of the activation site is one of the components responsible for such a fluctuation. We have created a mathematical model of this system which is capable of detecting activation sites and tracing the dependence of the current profiles on such locations. Using such a mathematical and computational model, we have analyzed the variation in the global current drop, and then compared it to the variation of the existing experimental data. The overall conclusions are that the location of the activation site is, at least partially, responsible for the fluctuations of the current response.
INTRODUCTION
Phototransduction is the process by which photons of light get converted into electrical pulses in the rod outer segments(ROS) or in cones, thus initiating vision [4] . In phototransduction, there is experimental evidence of considerable fluctuations in the current as a response of the rod to single photon events. Several reasons for this have been proposed, e.g., fluctuations in the shutting off of Rhodopsin, a G-protein coupled receptor protein initiating phototransduction. We propose that at least one phenomenon is one of the components responsible for such a fluctuation, e.g., the location of the activation site. To our knowledge it is experimentally impossible to control the precise activation site on the activated disc and, as a consequence, current drops cannot be directly related to such a geometrical location. It is however accepted and believed that the same phenomenon with the same parameters, but with different activation sites, yields different current drop profiles.
We have created a mathematical model of this system which is capable of detecting activation sites and tracing the dependence of the current profiles on such locations [1] [2] . Using such a mathematical and computational model, we have analyzed the variation in the global current drop, and then compared it to the variation of the existing experimental data. The overall conclusions are that the location of the activation site is, at least partially, responsible for the fluctuations of the current response.
ANALYSIS OF THE EXPERIMENTAL DATA
Here and below, we refer to the experimental data of Rieke for the Salamander ROS, whose parameters are shown in Table 1 in [1] . The global circulating current in the ROS were recorded. Denote by J exp i , the global current relative to the i-th experiment, which we understand as a piecewise constant function of time. The experimental raw data have been normalized by the dark current J dark . Set
The variance of these data, at each time 0
There are several ways to quantify the variation of the experimental data over the time interval
All these integrals reduce to finite sums, since the integrands are piecewise constant functions. Using the experimental data of Rieke [2] , we compute V exp £ 0¨268977.
NUMERICAL SIMULATIONS
The data arising from numerical simulations have been dealt with essentially in the same way, after a preliminary calibration of the constants against the averaged response f exp av 
We computed the probabilistic average of these outputs by the formula
corresponding to an approximate discretized evaluation of the integral
r¢ rdr¨(6)
By this procedure we use ¡ m & 1¢ simulations to predict the expectation of a random response. The variance of such a random response is
Paralleling the same treatment of the experimental data we introduce the criteria of variation
The simulated value for V is 0.057203.
COMPARISON OF EXPERIMENTAL AND SIMULATED VARIATION FOR THE ROS OF THE SALAMANDER
We see that the relative variation of the simulated response at the different activation sites is of the order of 5¨7203%, whereas the corresponding variation in experimental data is 26¨8977%. So it does appear that the variation generated by the simulation is about 20% of the experimental one. This is not surprising since the mathematical model and the relative simulations do not reflect experimental variabilities due to instrumentation, temperature, and controls and mostly Rhodopsin shut off. So, in conclusion, we believe that this can be used as evidence to argue that location of the activation site is a significant factor in the variability of the response, while perhaps not the only one. Figure 1(a) shows seven of experimental raw data against their average. Figure 1(b) exhibits the seven simulated responses for 7 different activation sites. An interesting by-product of the analysis carried out in this note, is the conclusion that, at least in the range of parameters we considered, the mean value of the response essentially coincides with its value at 2R We assumed that the response of the rod to the photon event, attains its expected value at r £ 2R ¡ 3. Actually, this turns out to be the case, at least for the numerically simulated response, and with good approximation, in the following sense. For a fixed set of parameters, we computed the responses for different locations of the activation site (as in (4) above), and averaged them (as in (5)). This is indicated by the quantitỹ
whose value is 0.008862.
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